Phosphomannosyl-enzyme receptors in rat liver. Subcellular distribution and role in intracellular transport of lysosomal enzymes.
beta-Hexosaminidase B purified from human fibroblast secretions was used as a ligand to study phosphomannosyl-enzyme receptors in membranes from rat tissues. Enzyme binding to rat liver membranes was saturable, competitively inhibited by mannose 6-phosphate, not dependent on calcium, and destroyed by prior treatment of the hexosaminidase with either alkaline phosphatase or endoglycosidase H. Most (90%) of the phosphomannosyl-enzyme receptors were found in endoplasmic reticulum, Golgi apparatus, and lysosomes; 9.5% in the plasma membrane, and less than 1% in nuclei and mitochondria. Receptors were vesicle-enclosed in all fractions except plasma membrane. Receptors in the endoplasmic reticulum apparently were occupied by endogenous ligands, but most receptors in lysosomes and plasma membrane were unoccupied. Most of the endogenous beta-hexosaminidase was in lysosomes and was released from vesicles by detergent treatment. Displacement of the residual receptor-bound endogenous beta-hexosaminidase (mostly in endoplasmic reticulum and Golgi apparatus) from detergent-treated membranes by mannose 6-phosphate released high uptake enzyme with properties expected for phosphomannosyl-enzymes. Mannose 6-phosphate-inhibitable enzyme receptor activity was found in nine rat organs and correlated roughly with their lysosomal enzyme content. These data support a general model for lysosomal enzyme transport in which the phosphomannosyl-enzyme receptor acts as a vehicle for delivery of newly synthesized acid hydrolases from the endoplasmic reticulum to lysosomes.